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here. Two major decrements are noted; a general deterioration of sensory func-
tioning and a slowing of higher cognitive processes. The latter slowing may be
sufficient to affect performance in situations in which time demands on respond-
ing are on the order of fractions of seconds, but would probably not affect most
work situations. The general effects of experience, combined with an increase
in verbal intelligence throughout the working years, argues for increased compe-
tence of older individuals in many work situations. There are indications that
spatial reasoning abilities and the ability to develop solutions to new problems
("fluid intelligence") decrease with age. Secondary and review articles may
overstate this effect. The primary studies themselves have serious design flaws.r¢
The best designed studies indicate that the drops do occur, but that the effect | |
may not begin to be serious until the middle 50s or beyond. Because of problems
in design and/or choice of performance measure, this topic requires further ex-
ploration.

The above statements refer to general trends. Very wide individual differ-
ences are found. Although the relative order of individuals on tests of mental
competence remains remarkably constant over adult life, the absclute difference
between people increases. In practice, this means that as people age, those
people who initially had high levels of ability retain them, while people with
initially low levels of performance get worse. This finding further emphasizes
the importance «f obtaining recruits who are of average or above average ability
as young adults. It also suggests that high ability personnel in the 40-60 age
range may be preferable to younger personnel of low ability, especially given
technical experience.

General physical health is related to the maintenance of cognitive perform-
ance throughout adult life. In particular, indications of cardiovascular prob-
lems (hypertension, heart diseases, minor strokes) are usually accompanied by
slowing of performance in cognitive tasks. There are indications that immoder-
ate use of alcohol can produce substantial loss in cognitive performance, prob-
ably on a permanent basis. The evidence is quite clear that this happens if
alcohol use is carried to the point of frequent severe intoxication. The evi-
dence is less clear if use is limited to frequent social drinking, but there is
a distinct possibility that this is a cause of loss of cognitive functioning in
adults. Losses in sensory capacity, particularly audition, are exacerbated by
environmental hazards. i

Standard medical examination precedures for sensory functioning (e.g., vis-
ual acuity charts) appear to underestimate the functional loss suffered by an
individual in demanding work situations. New human engineering standards may be
appropriate for work stations that are to be operated by people in their 40s and
50s, in order to accomodate for sensory deterioration. Medical and psychologi-
cal research chould be initiated to develop indices of an individual's function-
al age by individual differences in physical health (especially cardiovascular
problems{ and health-related behaviors (exercise, alcohol and substance abuse,
etc.). The goal would be the development of a reliable medical and psychologi-
cal screening procedure to identify older personne! at risk for performance de-
cline. A study should be initiated of long term changes in performance with
age in service relavant populations. The Reserve forces are suggested as an
appropriate populavior. This study is needed because of the questionable rele-
vance of some of the tests used in the literature as indicators of performance
in military work situations, and because previous studies have indicated that
different aging trends may be found in different populations.
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The preparation of this report was motivated by a simple,
practical question. Some Years z3qo Dr. Henry Halff, of the Office of
Naval Research, gave 3 colloquium a3t the University of Washingtor in
which he discussed psycholocical problems faced by the modern
military., One of the problems that he mentioned was the problem of
obtaining enough '“4Young and vigorous" enlistees, and retaining them
lona enough so that they returned the training investment to the
services, This piqued the curiousity of one of us (EH), who began to
read in the area, and to talk with CH, who had his qraduate training
in the Fsychology aof Aqgina. The demoaraphic problem was clearcut!
the Defense Department, and more qenerally U.S. industry as a whole,
must come to Qrips with a8 simple demographic fact. The aqe
distribution of our population is Qoing to change markedly over the
next twenty to thirty years. Modern industries, including but
certainly not limited to the Defense Department, use people as
information processing devices more than they use them as sources of
power. We wondered whether or not there were sqe-related chanages in
coqniition that wowld force chanqges in industrial practice,

When we turned to the literature for quidarce, we quickly
discovered that the literature simply was not orqganized to answer our
question. There were two reasons. Most of the research on
"gerontoloqical psychology" is motivated by a desire to understand
the life changes associated with ola age. HWHork in the field is also
strongly oriented toward the study of coanitive chanaes that miaht
produce a3 problem for an (elderly) irdividual in his or her daily
life. These two orientations are reasonable. Much of the research
in this field is funded by amn agency (The Natiornal Institute on
Aging) that is specifically charaged with consideration of the
problems of the elderly. The scientists who work on problems of
aqing have a strong institutionsl and personal commitment toward
doinag something for treatmert of these individuals. For ouwur
purposes, though, these two orientations were somewhat unfortunate.
We wanted to know something about changes in coanitiorn that occurred
during the normal working years. Such changes would probably be
small, and wuld affect an individual only qradually. From the point
of view of an epidemiologist or economist, however, small changes in

individuals might Mmean mazjor changes in the effectiveress of a work
force,

We conclouded that a survey was required, directed at the
specific questions that we wished to have answered. With the
encouraqement of Dr. Halff angd Drs Marshall Farr of the O0ffice of
Naval Kesearch, we spent a8 substantial amournt of time reviewinq the
literature and asking psychologists and physiciams what they know
about "middle aqing”. In addition, we have a8lso visited various
industrial and Naval establishments, in order to et a better picture
of current personnel practices. Our nope was that we wowld then be
able to make 3 better guess about how the changes in people that the
scientists saw as possibly affecting the way that a particular high
technoloqgy organization, the U.5. Navy, had to do 1ts business.
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Aging and Cognition

1. INTRODUCTORY REMARKS

Since world War I1 the United States has arawn its millitary
manpower from post adolescents and young adults., The typical
career pattern for a soldiers saillor, marine, or ajrman has been
to eniist in the laste teens or esrily twenties and serve for »
single enlistment period. In order to obtain the skililed
technicians that the modern military needs specisl efforts are
made to retain and train a cadre of professional speclalists who
serve for longer perlods of time., It is well known that this
system of recruitment Is not working satisfactorily today and
thats given inevitable demographic changess the provlem is llikely
to be worse in the near future, The services must find some way to
enlist and retain more experienced technicianss, both in the
commissionea and non-commissioned ranks,

Two courses of action are possipnle, The services could attempt
to improve thelr retention ratess which are presently quite lows
while continulng to train speclalists themselvese This will be
callied the "retention option"” 1In addition, progyrams coulo be
initiated to enlist older persons, who are «iready skilled, to
fill technical positions. UDirect recruitment of skilled people |Is
done now for a few military occupations, noticeably mediciney and
wasS a widespread practice in the 19th century., The option of
recruiting aoirectly into the higher ranks will be called the
“lateral entry"™ options It Is likely that both options will be
takeny because our natlional policies demand a strong military
force. Fither option iIs certaln to have one result; the average
age of servicemen and women will fncrease. Will this mean a
military with reduced vigor or greater skill? Wnat Is the
tradeoff pDetween tnese possibilities? This report exsmines one
aspect of the prootem; the Ilkliihood of changes in the cognitive
capacities of olaer personnels here defined as Inagividuals ranging
in age from 20 to 60.

There would be no real reason for the miiitary to be Iinterested
in investiyating cognitive changes in aaults |If ajge changes in the
military oopulation were expectea to be small, On the contrary,
we belleve that substantial "aging™ ot the miltary force |Is
likelye Tnis s partiy because of the extreme youth ot the
present active duty forces In 1977 onty 127% of active outy male
enlistec personnel were over 35 and only 1% were over 45, The
comparable figures for the civiltian work force were 52% and 33%,
Wnen the retention proniem is solved the Armed Forces populatlion
can be expected to move toward but not reach tne age distribution
of tne civilian work force. A reasonaole estimate of the eventual
military ag4e distrivution can be obtained by looking at the
present Reserve forces., These were the people who "almost™ made
the military a career, As of the end of 19t0y 33% of Naval
Reserve enlistea personnel and 62% of Reserve offjicers were over
tne aye of 3. (UsS. Naval Reserve; Reserve Manpower, Mobltization
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Aging and Cognition

Planningsy ana Policy Division, Notes 1 ang 2). It thus seems
reasonable to suppose that the number of active duily personnel
over ggye 35 will at least double If lateral entry and retention
attempts are successful.

A related i1ssue |Is how the older personnel will be used. Major
changes from current practice can be expected. At presents and in
the Immediate pasty, oider, more experienced inaividuals have been
asslgned to supervisory roles, This tradition will have to be
moaifiede It witl make more sense to retaln experiencea people In
those positions where thelr experience s relevante Tnis means
that inaglviduals who actually operate equipment will be older tnan
they are nows although not "ofd*" in the usual sense, Put
succinctliys, there 1s no proposal to employ 595 year old
infantrymens but 40 year old tank drivers are 3 distinct
possibilitye.

fcononic analyses of the use of glder personnel In military
roles have generally pbeen encouraging (Binikin and Kyriakopolouss
1979; Parkers Christensen, and Every, 1978). 1Tt nas been pointeo
out that more miture servicemen are better motivated and more
reljavies Surveys nave shown that there are relatively few
service cccupations that make physical demands beyond those that
can be met by a3 reasonably healthy forty year olo mans, ana most of
the normal pnysical demands encountereo In service jife coulid be
handiea oy peopie in their fiftiess The economic analyses of
wnlch we are aware, howeévers do not appear to have consldered the
possibitity that there are important changes in cognitive
capanitities from age 20 to age 60 The issue 1s a complex one,
furesnacowinyg our conclusions ft is fajriy easy to demonstrate
dectines in cogynitive performance over the working yearsy it one
choouses tne rijygnt taskse Converselyy it is also fairly easy to
aemonstrate increased cognitive performance over the sam€¢ ajer by
a difrerent cnoice of taskse To complicate the matter further,
within any a43e group there are wide individual differencess These
increase with ajes 0Nn aimost any measure of counitive performance
the dgitference between two randomly cnusen forty year olas is
likely to pbpe greater than tte difterence between two ranaamly
chosen twanty year oldse furttermorey the services are rightly
concerneu with performances not potentiale In yeneral oloer
personnel have more experience on the jub and have maae more
stablec soctal adjyustments than have young aaultse These positive
asrects of "miaule aging™ often translate into more efticiant
performance, with dramatically reduceo requirements for
surervisions In the normal individual the positive aspects of
maturity almost certainiy overwhelm any minor etfects of
deterlorationy at least up to age 3%, Beyond trnnat age some
cognitive changyes occurs in some inadividualss that nay present
problems 1n some occupationse All these quatiflers should te kept
in a1nu In evaluating tire data reportea in the remainder of this
report,

The report itself |is organized Iinto tnree sections. Cach
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Aging and Cognition

section reviews different empirical findings concerning age
relatea changes Iin cognition during the working yearsj arbitrarily
aoefined as the perlod from age 25 to age 55. Section 2 rajlses some
general issues about the studies of aging. Section 3 describes
what has been learned by psychometric studiesy In which people of
varyling ages are given different forms of Intelligence tests,

This data provides a useful broad view of intellectual change,

The following sections describe more limited studies of human
information processings conoucted within the tradition of
experimental psychologys. The topics covered are sensorfy functions
the ability to maintain attentions response selection, speeded
aeclsion making, accuracy of retention of information in memory,
and problem solvings A general critique of work in the field is
incltuaeda,

The last section of the report deals with possibie actions by
the Armed Services, These fall Into two headings} modiflcations
of present practice, and the jnitlation of programs of research.

2s THEORETICAL AND METHODULOGICAL ISSUES

The study of aging involves more than calculating the
correfation coefficient vetween chronological age ana performance
measures, This section presents several lideas wnich are of
central importance in understanding and evaluatiny the tlterature.

MODELS Or AGING

The simplest view of aduit aging is that it represents
inevitabpte bjologlical deterioratjons This wilti be called the
biological decrement model. It characterizes changye from young
aduitnood tu old age as a aecline from peak capacity to
progressively lower levels of performance, The decline iIs assumed
tu be due to the biological aging process. Reductions iIn
physinlogicsl functioning lead in turn to reductions in cognitive
performances The wodel certainly captures some of the truth about
agings out overall It is a gross simplification of the facts., The
rate of biological a33iny varles considerably between Indiviauals,
so that an sndaividual's "biologlical age»," is often poorly
estimated by chronological aege. Moreover, within an inalvidual,
biological subsystems may aye at wldely varying rates, Thus any
statement aboul general biological trends, let atone theilr

coynitive consequencesy, may be aquite inaccurate when applied to sn
indiviudual,

A secund limitation of the biological decrement mooel i1s that
it may lead to oversimplified interpretations of the effects of
aging upon cognitive pehavior In a work environment, We shall
repeatealy stress tradeoffs between decrements Iin maximum capscity
due to age and Increases In effjclency of performance due to
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Aging and Cognition

experience. The need to conslder experlience s particularly
Important where an "eilementary”" cognitive process has been
isolated by means of complex experimental techniques, Even If age
aeficits In this process are found in the experimental laboratorys
we must stlil judge whether these deficits will {imit the
pertormance of an experienced person in familiar wurking
situations.

The processes of biologlcal ajying are statisticalily related
to, but areconceptually distinct from many pathulogical processes
whicn are correlated witn chronological age. Cancer,
arteriosclerosliss diabetessy and arthritis are examples of
age-correlated pathologies which are not inevitaoly associated
with the ajing processs although their jnclidence increases with
increasing ages Some age-correlateqg diseasesy, especially
cerebrovascular disease, hypertensions, hormonai dysfunction, etces
have deleterious cognitive effects, Certain behaviors (ee.ges
alcohol and druy abuse) may leaa to poor health ang abnormal
pnhysiological ana coynitive declines In this reviews we take the
pasition that normal aying changes must be alstinguishea from
pathological ajing changess Admittealy, the distinction can be
somewhat arbitrary -— today's "normal aging” might be tomorrow's
patnolugyy after adiscovery of a new disease processs However, the
gistinction remains Importants Many of the apparent effects of
aying may be mouified by personal health practices or by
agygressive environmental and occupational safety programs. In
cunsicering the industrlal implications of an aging work torcey |t
Is obviovusiy lwportant to distinguish between inevitabie and
mealfiablte chanjes In worker characteristicse.

Recause we dre concerned with industrial effectsy we
we€nerally shatl pnot alscuss changes In cognitjon that have been
founo in tne elderlys .. people beyonu the normal retirement
aJe. By contrast, most of the literature on aging has
concentrated on the elderly, arbitrariiy those past 60, This |s
an important distinctions because organic problemss including
senjile gementiass begin to account for more and more ot the
varidnce i1n cognitive behavior as peopte reach great age. Thus
the literature on the eloeriy may stress a biological model that
is appropriate for one age perjyods but quite inappropriate for
ancther, Je note thatl this does not aflways medn that biologlcal
moaels apply only to the elcueriye. Because peoptlte in the work
force yenerally face more demanding Information prucessing tasks,
4 blological cefjicit that could pe ignored by a retireu person
might te limiting to a person employed in a taxiny ssituation,

Nur cuncentratlon on tie workling years presented us with a
problem 1n reviewiny the aging lsterature,s There are relatively
few stuailes that examine the 25-60 age interval. The mgoal study
of aging Is a two group comparisont young acults (otten LE-20 year
old stucdents) versus old auults (often ©65=-75 year old retirees).
Such comparisons are not merely poorfy suited to our purposes —-
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Aging and Cognition

they are afso often of questionable methodological vallalty. Thus
we have dellberately excluded many old/young comparison studles
trom this reviews keeping only those tnat offer a potentially
important insight into aging effects on coygnitionsy or those tnat
cover a cognitive change likely to be Important over the adult
workling yearse. For basically the same reason we shall not discuss
studies of pathological agings such as Alzheimer's disease or
Huntington®s Chorea.,

METHODOULOGICAL CONSIDERATIONS

Most studies of adult aging utitlze a cross~sectional desiqn,
in which people ot different ages are compared at the same point
in tires In order to Infer that group differences in pertormdnce
are aue to group differences In age one must assume that the
groups testeo are otherwise comparable. It s extremely difficult
to do this, because different selection factors operate when one
recrults participants from alfferent age groups. {achman,
Lachmany, and Taylor (1981) examined several relevant journalss and
concluadea that about 807 of the reports that are publlisheu falled
to pay sufficient attention to this issue. Largely because of
this problemy one must be concerned avout the replticabiltity of
cross—sectional studies whep evaluating the Iliterature. While it
Is probably Impossibfe to controf for all possible confounds with
age I1n any oune study, different studies will have different
blasess Age effects can then be discerned by detecting
consistencies in the results from several indepenuent experiments.,

tongitudinal studies of agling follow a panei of participants
for an extendea (ength of time. Intuitivelys this §s a more valid
way to establisn age trends. Longitudinal studies, thoughs also
hdve practical and tnheoretlical limlitations. The greatest practical
Iimitatlon Is the expense of recruiting and malntalning 8 sample,
Another serious lssue Is how re,resentative the sample 1¢ of the
Jeneral population., [t s difficutt to obtain a sample of
Ytypical pecpte”™ to particlipate in a siudy that extends tor years.
Ltongitudinal studies nave tended to be bissed towargd the use of
upper-mjodle class subjects, who are socially and geographicatty
more stabley or to the use of panels recrulted from people who
deal with a specific institution, such as the Veterans!t
Adainistration. The problem of subject selection utcurs botr in
Initias recruitment and, more seriouslys in tne stage of follow-up
testings Peopie who remain in panels tend to be those who are, on
the averaye, better socfially adjustedy, healthier, and more
cognitively competent. ASs & result, longitudinal stuaies oresent
a more oenign plcture of aging than is obtained from
cross—-sectiovnal studiess.

The use ¢f young/old desliyns (or more extended
cross—sectional sampliny) has led to the general use of enalysis
of varijiance techniaues (0 judye the statistical siygnificance of
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Aginj and Cognition

age differences. We nave observed two problems which have been
consistently associated with this agproach: acceptance of the null
hypothesis (no agye chanyes)s, and reference to the proportion of
aje-predictea variance, It Is sometimes the case Lhat a stuay
will fail to reject the nuit hypothesis of no ajge differencess and
will then conlude that "there are no age changes until age X."
Such a statement is not warranted unless the Investigator also
evaluates the power of the statistical comparison. Surprisinglys
this simpie statistical fact ¢s frequently ignored both in the
primary anag secondary literature,

A stightly aifferent problem of Interpretation arises when an
investigator finds that the age effect only accounts for a small
propurtion of variance, and then concluaes that "age effects are
relliable put smaily and are probaoly not of great practical
importance,"™ Practical iImportance §s something that cannct be
aefined In general, it must be defined in terms of the costs anoa
tenefits Iin a speciflc situations A aecrement In cholce reaction
time tnat woula be trivial to a retired banker might be cause for
retiring an alrplane pilot, Qur feelinyg is that most workers in
gerontologys #wno understandaply are strongly oriented toward
agealing witn the proclems of the elderlyy interpret "practical™ as
meaninyg "has a notable effect on the individuai®'s fifestyle,”
Chanjes 1n performance that are not practically Important, in this
sensey can be extremely Iimportant from the point of view of a
large employery such as the Armed Services. Looselys the
dgitference Is between the viewpoint of a particuiar Individual,
who might be calculating the chances of an accident happening to
tnem, compared to the viewpoilnt of an empioyer, who must calculate
tne vx,ected number of accidents in an organization employing
literally mililons of people, For brevity, we snall refer to
these different viewpoints as a concern for “clinical" anag
"industrial"™ effects, Small changes tn cognitive performance will
te agiscussed wnenever {t appears that they mignt have effects at
the incustrial levels Such an effect might well pe disregarded at
the clinicil ltevel,

In many reports age e¢ffects are evaluated by asking whether
or not one aje jroup Is "statistically aifferent”™ ftrom another
alung some dimension of performance. It is generaliy more
fruisttul ty discuss trenasy rather than comparisons between
SpecifiC Jroupse To do this one must fi1t some xKkind of decremental
curve (lineary, exponentialy etce) to the group means for diftferent
aye ,roups. Aye curve flittiny Is helpful In askinj whether
averdje aje changes appear to have begun prior some ages or in
extimatin; the dverage rate of changyes There are seversl
limitations of this type ot fittings however, Curves of this kind
may alve an average "develtopmental curve"™ which uoes not
accurately reffect the true aging curve of any given inalvidual.
Fitting the means lIynores the Individual varjability acout the
meaNs, A gouud fit ot 4 curve functior to the observed neans does
not imply that there are no Individual differences in aginj rates.
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Aging and Cognition

Finally, simllarity In aging curves between agifferent cognitive
processes Inh no way implies a common causal mechanismy and should
not be so interpreted. Even given these fimitationss we snatl
find age curve ftitting to be a useful way ot summarizing many
cognitive effects of aging awuring the worklng years,

COHOKT EFFECTS

OQur last methodological point deals with a moderately subtle
issue that has introduced @ confounding into easily 95% of a8l
studies of aginge This Is the "cohort effects™ which was first
oglscussed in detail by Schaie (1965). A cohort i1s, for our
purposess a yroup of people who joln a population of Interest st a
particutar time. Exampies would be all people born in 1903, or
all people entering thne Marines in 1967, Cohort effects are
effects on performance that are speclfic to a particular conhort,
Supposey, as Is reasonables that onet's adult verbal skills are
determineuy fargely by habits acquired during the school years.
Juppose further that the length and effectiveness of schcooling
increased steadily from 192C until 1950, A cross—-sectional study
of verbal intellligences conoucted in 1975 might have revealed an
“"age related decliine™ In verbal performance that was actually due
to the older subjects having recelved less effective schooling,
rether than bejng due to aye Itself. The probiem is tnat Iin the
cross—sectlonal design any cohort effects are completely
confounded with age effects, One can even think of situatlions in
which a cohort effect would produce a "negative age effect.™
Continuing the exampiey suprose further that the effectiveness of
public educatfon has dropped from 1950 to 19860, (Indeed, many
observers nave ctaimed that It hase) It so» 8ncu if school
acquireo veroal habits are maintained throughout adult 1ife, a
"negatjve aye effect” shoula appear In a cross-sectional study
conducted Iin the year 2000,

Longitudinal studlies, being studies of a pdarticuler conort, do
not confound age and conort effects. The findings of a
tongitudinal studys however, are statistically only yeneralizable
to tne cohort stucied,

There are complicated designs that can be used to evaluate
cohort' and aze effects separately (Schaie,196%5, 1977),
Essentially these aesigns involve the conduct of repeateo
cross—secticnal deslignsy over a period of years, Thus the cohorts
born «n 1v40s 1395Us ano 196U might be sampled in 1960, 1990, and
2000, Combined longltudinal ano cross—~sectional designs do soilve
the logicai problem of confounded age and cohort effects, The
problem with these desltygns 1s that they are so expensive that they
can ae¢ladom be utitized.

Cohort effaects are of particular Importance In the study of
aging over the working yearsy because tnere are marked cohort
efrects in industrial settings. The military services afford a
9000 example, which members of a cohort join the military depends
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upon the social conuitions prevalling at the time that cohort
enters the normal mititary recruitment age. In particular,
chanjyes from war to peace and the Introduction of an afll volunteer
service nave markealy affected mllitary recruitment In the oast
twenty years. The sort of cohort effects that one woulo expect
from these soclal changes probably interact witn aging effects.
People with nigh levels of ability as young aduits have generally
been found to be more resistant to the effects of age on
cognitions There §s a weli documented trenad toward the enlistment
of more and more jndividuals of lower mental categoriles (as
reasured by the Armed Forces Qualification Test)s, at least since
1975, If we combine these two facts, we are forcad to predict
that those servicemen anu women who were recruited in 1980 will, .
on the whole, not provide as high a percentage of qualifled senior

personnels tifteen or twenty years hencey as d4la the cohorts .
recruited in the 1950s and 1960s when they reached their thirtles i
ana fortijes,

CUNCLUUING COMMENTS

ool

Fecounting all the possible deslign rlaws tnat can afilict
research studles can nave a deadening effects This is true of any
filetas, 0Dne simpily canngt throw up one's hands and say "Nothing
can. oe jcedarneds™ Human 49ing Is a natural phenomenun thet will
never te studled in a controlleo laboratory environment, The B
iceal experimental desfign Is Impossible to achieve, The concept
ot ajging is itself nepulouse. To what extent should one be
concerned only with the aging process itself, and to what extent
should one be cuncerned with Jlite events that are not agings but
that sre >tatistically assoclated with aye? In the following
sections we shall review many studies.s None of tnem wil!
unequivocally agetermine now cognition changes from 20 tc 60,
Taken togethers, they present a coherent picture,

A L 4 S 8

3o PSYCHCMETRICS

GENERAL

This section reviews the literature on age cngen,es in
inteliigences as measurea by traditional psycnometric tests, The
"psyciiometric” literature (s typically contrested to thne
“"experjimental"™ literaturey which reports tne javestigation of
cognition by ctassic experjiaental methoase Tnis surt of dglvision
of knowla2uye is a taxonumy by method of investijation, ratrer than
a taxonomy by contents, Il §iS necessary because differences in
metnoadvloyy have leaa to ditferences in theofy.

Althouyh the term "psychometric methods™ nas come to connote
group administration of paper and pencil tests of knowledge,
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reasonings ana other cognitive sxilis, the term originelly implied
the application of classical measurement theory to the study of
cognition (Nunallys 1978)s Psychometric methods were developed so
that individual differences in knowledge and thinking could be
measured reliably by a stancard set of criteria. Althouyh many
"psychometrists® explicitly recognlzed that an understanding of
basic cognitive processes would require a syntnesis of information
gathered from the paper and pencil tests with data collected hy
other measurement methods ( Thurstones 194¢4), the psychometrists
and experimental psychologists have gone thelr separate ways untll
falrly recently ( Carroll and Maxwells 19793 Cronbacny, 1957).

Comparing tne two kinds of stualies can be confusings, because
of specialtized methods and terminology. In experimentel
psychology two mental processes are distinguisned from each other
by showing that different experimentat manipulations proauce
gifferent effects. If the manipulstion of certain stimulus
characteristics aftects one aspect of task performance, but not
the other this s taking as evidence for different grocesses
underlying the two performancess, The same logic |s used in
psycnometric stuoies of intelligences but the experimental
varlabte is the ldentity of the ingividuals testeds Suppose, as
is the cases that verbal problems are hara for some people, while
spatial problems are nard for others. Therefore tnere must be
distinct processes underiying verbal and spetial problem solvinge.

Althougn the fogfc underiying expertmental and psychometric
psychclogy is simitars the manipulations that are feasible and the
data analyses metnods that are used can be quite differents As a
resuitsy the two technolojles cannot aliways be useu study the same
cognitive processes, It is hard to imagine a paper and pencit
test ot the speed of visual perceptiones It Is equaliy hard to
imayine a two hundred person correlational study of psychophysical
effectss Un the other handy, where the technologyies can be used to
attack the same probiems they are baslically studylin, the same
toplcs Therefores It should not be surprising Iif tne concluslons
drawn trom psychometric studies of "“intelliyence”™ paraillel
conclusions from experimental studies about "cognitive processes",
Indeeds one can regard a comparison of conclusions drawn about
aging ancg 1ts effects upon cognition as a8 rough checsn on the
validity of each methoa,

Compared to the experimental technologys the psychometric
technoliogy has poth a markeou aavantage anu a marked alsadvaentaje.
The advantage Js that testiny procedures may be used with much
farger samples, The targe sample reduces the likelihood of
obtaining an aye effect because of unusual performance by a few
indivigualse It also makes it possible to exerclise a great deal
more control over population variables that may oe confounded with
age, This és tn marked contrast to many experimental studies, {n
which investigators have aff too often avandoned any pretense to
representative sampling tron different age groupss and thus have
committed tne confoundings that were discussed in the comments
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Aging angd Cognliltion

made above concerning cross-sectlional designse. In contrasty there
are at feast some psychometric studies that have attended
carefuily to the cefinition of the popuilation to be studlied, and
to tne use of a censistent sampling methoo from different age
groups within that population. Furthermore, tne psychometric
literature is not solely dependent upon cross—sectional studles
for Inferences on age effects. Longitudinal studies are more
common In psychometric than In experimental psychology. On
occaslon psychometric studies have used sophisticated
combiniations of cross-sectional and longitudinal Jesignsy gznd
these have proven informative, Were these methods to be applied
to experimental studiess the cost would generaliy pbe prohibitive.

Tiie disadvantage of the psychometric methoa Is that the
behaviur recorded Is usually a gross oney tne total number of
items correct on a particular tests Such a summarization loses 2
yreat cdeal of information about the cognitive processes that are
appliec¢ to solve different problems within a test. Consicer a
commonly used psychometric for measuring spatial abliiityes People
are askeu to compare rotated figures to some comparison figure,
4nd tu cetermine whetner the fjgures are identical. The test
typicaliy includes several aifferent fligures, often a different
one for each ltem, A person's score Is cgetermined by the total
number of items completed In a fixed time perjodes It has been
faound that older people complete fewer jtems than younger ones,
Tne age difference in performance miyht reflect an Increase in the
time neecved to rotate and compare the fjgures inside tne nead, or
it might reflect an inability to visualize a rotation alftogether
for some fiyures. Age cifferences might be largest for certailn
types of figures. While sophisticateo item analyses can pe used to
tnvestigate these lssuesy usually no such jinvestigation Is made,
Tne Intormation needed is usually ltost in the process of
calculating the total number of correct item responses. However,
4s me shall see belows, experimental models and techniques make ¢t
possivie to aetermine the tocus of Individual differences 1in
spatial rotation of Images nore precisely.,

More _Lenerdllys when we compare psychometric to experimental
cata we often find that, although the nature of the defining
cifference between groups (esges young vs, old) is tikely to be
more clearly stated In a psychometric study, the theoretica.l
explanatiun of the depencent vairjable Is often more speculative,
Since the 2advantaj)es uvf the one technology are the gisadvantages
of the otners perhaps tne moust enligntening finainjys are those iIn
which the psychometric and experimental conclusions compliement
each other,

THE CLALSIC AGING PATTERN

(ross-sectlonal studies of intellijgence have repeatedl|y
produceu results that Botwinick (1977) has referred to as the
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Aging and Cognition

“classlc aylng pattern." Performance on tests of verbal ability
shows little chanye from 20-60» anao may even Increases.,

Non-verbal sklills deciine with age, The classic pattern is
Illustrateg in Figure 1, which shows the results from a large
cross-sectional studye The test battery included a standard
vocasbulary test and a paper and pencl| measure of spatisl
rotations The spatlal test asked Individuails to compare paijrs of
three-dimensional figures, composed of yroups of cubic blocks.

The two flgures were either identical or mirror-images, rotated to
different orientationss Individuals are asked to compare the two
flygures and determine whether they are identical or mirror-images.
As Figure 1 showss there was are large age differences in the
spatial measure but not In the vocabulary tests A similar picture
has been obtained in studies using traditional intelligence tests,
such as the Wecnsler Adult Intelligence Test (WAIS). Flgure 2
shows the WALS norms across ages for WAIS Verbal and Performance
scales (Matarazzos 197<). Note that the Perforamance subscale
shows cross—sectional age aifferences from roughly age 30 onward,
while the Verbal subtest does note Indeed, Wechsier labeled nhis
Verbal subtests "Hold"™ testsy and nis Performance subtests "Donft
Hold™ tests, preclsely because of the cross-sectional effects
shown in Figure 2.

The WALlS subtests are sometimes criticized witnin the
psychometric titerature for being "factorially complex"™ =-- meaning
that they measure multiple kinds of Intetligence. For wmany
purposes {t is more useful to consiaer performance on cognitive
traits that are more elementary than ylobal measures of verbal ana
non~verbal inteliigence, Such traits are sometimes caliled
“Primary Apsllties”™ {(Thurstoney, 1938), This complexlity coutd
distort underiying age differences in more haslic tevels of
inteiligence If the age differences were not consistent for
different Kinds of intelllgences A prototyplcal primary abitity
theory may te found in a review bty Horn (1978)s wno argues that
roughly some 30 primary apillties have peen rellanply democnstrated,
This coinclides with the conclusion of several other workers, The
Eaucatlional Testing bdervice's widely used Reference Kit for
Primary Mentat AbDillties now contains 23 separate tests (Ekstrom,
Frencnsy and Harwany L1976)s Horn, and several other theorists,
have concliuaged that some of he abitities are arrqnyed
hierarchialiysy with more primitive traits contributing to gtobal
OonesSs suchh 3as "verbal Intelligences”

Cross—sectional studfes have reported age differences on
several pramary abilities. Sputial orlentation and inductive
reasoning seem tu be particularly susceptible tu age effects (
Schales 1959). 0Nther studlies have reported cross-sectlonal age
difterences on measures of serceptual speed and flexibility. For
exampley Lee and Pollack (.978) reported sizable cross—-sectional
declines in performance on the Embedded Figures Tast, whicn
requires inaividuals to detect a figure embeaded wilithin a
concealiny context, The resuits of studies using tests of
specific primary abilities generally conform to the tre classic
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aying patternt tests of reasonings probliem soilvings spatial !
visualyizations and the like show greater cross-sectional age '
differences than measures of vocsbulary ana verpal tluency
(Botwinlicky, 1977).

Conclusjons darawn on the baslis of average data must be
qualiftied by considering inclvidual varlation about the average,
There are targye individual differences in psychometric test
performance among adults over the working years. This will be a
recurring theme througnout our report., Figures 3 and & chart
cross~sectional age effects on the Raven's Progressive Matrices
tests, a wicgely used test of nonverbal reasoninys and the Flithorn
Mazess a measure of spatial problem solving (Heruon and Chowny
1967)e Raven's test is of particular interest, since it is
considered one of the better measures of inaductive reasoning
ability. Individuals examine a sequence of pictures to ciscover
the sequential pattern of gicturesy, and then induce what the
pattern of a4 missing picture should bes Flgure 3 shows that
saverage performance on the Raven declines with increasing ageys
beginning during the 30's, Howevers the plot o1 individual gata
snow tre large range of indiviaual differences In Raven
pertormance at different ages.s Note that, in generaly, tte spreaa
of lnuiviiual gifferences s large refative to tne inean
perforanence levels within each agye group,. In fact, some of the
nighest scores in the sample were obtained by subgjects In their
60'%s ana olders Figure & shows that tnis type of effect Is hy no
means specific to the Raven =- the large inafvidual differences
are tound for E£lithorn Mazes as welt. The individual differences
observeuo on test performance are not rancoms they are reiliably
relatead to otner characteristics of the individuaie This topic
will be cuvered in more uetall In a subsequent section,

Tiue classic aylng pattern represents the typical results of
cross-sectijonal studjes, Longltuginal studiesy which follow
indsviduals over a period of yearss show much less decline jn
nonverbal measures cof (ntelfigences Indeeds tne langzitucuinal data
sugyests thet the decline occurs in the 60U's or Jaters ano Is not
corsistently founa for all indlviduals. Longitudinal decliney
where 1t js uvubservedy is apparently often associdted with dgeclines
in physical nealth (Baltes and Labouvies 197335 Jdrviky Eisdorfer,
and Blumy 19743 Jonesy 195%),

COHOKT tFrECTS A> MODIFL1eRS OF THE CLALSIC PATTLPRN

In the section on methodology It was pointead out that conort
eftects coulds 1n theorys, distort the pattern of aye effects.
Such effects do existy, and «f not considered, mday lead to an
overestimation of the size cf aye effectse Thils has been shown by
3 seri1es of studies concucted by KeWe Schaie and nis colteagues
{schales Llv79)e These experiments represent pernaps the best
a28iyned study of aginy that IS 1n the literature., Basicsllyy
Scharal's yroup concucted a combined longltucuingl and
cross—sectional study of members of a yroup healtn plan,
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Thurstone's test of five primary abilities (1945 verslon) was
administerea to adults of different ages (a cruss-sectional
sample)s These individuals were then repeatedly retested over time
({longituainal sampling)e Every new testings 3 new cross—sectional
sample was takens and tne new sample was also followed
tongitudinallys beginning with the time of tirst testinge Thus
Schaie and his colleagues groduced parailel lonyituainatl samples
in cifterent cohorts,

Some of tne results from Schale's study are shown In Figure 5,
As in the classic pattern, verbal performance (nere identified by
a vocabutary test) declined only late in |ife, The major
discrepancy from the classic pattern may be seen in the data for
spatial orientation and inductive reasoning. 3cCchale's measures of
these abilities showed Iittle aye-specific decline until age 50,
Taken at face valuey, Schaile's data suggest that cross-sectional
findings of age differences fromrm 20-50 are largely due to cohort
effects, What might nave proauced tnese cohort effects has not
been determined,

Schatlet's results have generated a yreat deal of controversy,
The issues are exemplifliea in an exchange between Horn ana
Donaldson (1976) ana Baltes and Schale (1976)s The controversy is
over Lhe source of the cross-sectional age differencess ang
nhetner Scnale's data show smally, but reliavles declines durling
miccle agees From an industrial viewpointy, the resoluticn ot the
tnegretical debate may not be too important. The practicai
question remains.s If we wish to predict changes of coghitaive
capacity In a particular work force for a particular time period,
both age and conort efrects must be known, More parcticulartiy,
consicer tnhe problem of predicting the future cognitive capacities
of senlior personnel, drawn from today's cohort of military
recruitse To ao this we nceu to know any cohort effects over tne
period of interesty the cohort-specific distribution ot initial
(time of recruitment) test scoresy, and tne extent to which age
ceffects interact with initial abiltitye.

There isy howevery an important qualitication to tre Scnaie
et al. results,s The g4enerality of the age trenas s restricted to
thhe particular tests used == Thurstone's 1948 PMA, These tests
Naves in tne terms ot psychometric test thneory, high speed
components and (relatively) low power components, In other words,
the test items are not particularly difficult (especially fur the
Veroal andg Mumber subtests)s Inaividual differences are cetermined
more oy how fast one solves tne problems ratner tnan tow difficult
a probiem une is cerpable of solving. The tests were designed to
measures dt feast in party 1ow quickly one can think apout
particular kinds of probiems == so tne high speed component, o
not "invalidate" the results, They dos» however, Jimit the
tnferences vne can dr aw about the tests, The timitations coulyo
cut oolh wayse Nn tne one tand, it 1s possibte that more dfficult
tests messuring spatial visualization (sucn as the ETS Paper
Fulding test) or inductive reasoning would show larjer and e¢arljer
age veclines tnan Schale founds even if the same study oesiyn were
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usedes UNn the other handy, tne fact that age tends to produce a
slowing in the speed of cognitive operations (see below) might
sugyest that the aecllines In PMA performance Schaie does find from
age 50 to 60 iIndicate slowing of certain cognitive operations
rather than a loss in the abitlty to visuallize an obgject rotationy
reason inductivelyss»s etce Sequential data on tests other than
Thurstone's PMA would bpe needed to address these questlions.

THE FLUID=CKYSTALLIZED MODEL Or INTELLIGENC: AND AGING

The classic aging pattern is stated in terms of age effects on
verbal and non-verpbal intelligence, An aiternative
conceptualization has pbeen proposed by Catteli (1971) and Horn
(19738; Horn and Donaldsony 1979)e They distinguisn between
cognitive competence baesed upon the application of prior tearning
to tne present situations and cognitive competence based upon the
development of new probilem solving methods devised to meet
current, and pernaps novels demanas. These abliities are called
crystaliizea and fluid intelllgences respectively., 1In Cattell andg
Horn's terms, most verbal tasks test crystallizeo Inteliigence,
The cagacities these tasks requires such as defining words or
analyzing sentences, are based upon well practiced, culturally
agefined probitem solving routiness Fluid intellijzence IS nore
likely to be tested by the relatively novel requirements of many
nonvertal testsy, such as the Raven's Matrixs in which an attempt
Is usually made to avoid presenting problems that have culturally
aefined solutions. The Catteil/Horn mocgei also envisions other
types uvf i1ntelligences, such as the ability to think quickly
(cognitive speey) and the abitsty to image a8 visual object
(visualization). We shall be littie concerned with the other
inteliijjence typess, however, for it Is filula and crystallized
inteitigence that are most important in the models and whtich
fiyure most promninentiy in the nodel's representation of age
effects upon Intellligence,

Horn and Cattell aryue that crystallizeag intelligence
increases over the adult yearsy as people galin a better grasp of
culturdal rnowtedge, They 2iso argue that fluid intelligence,
velnjy a4 more fundamental, "blologicaliy-based"™ ability to percejve
relations 1n new Informaticn, declines from early aduithood.
Figure % jllustrates the aifferent aye trenas for the two types of
abliltity, Tre data are taxen from a cross-sectional stuay by Horn
ana Cattell (1907)e Scores for ftur” and crystallszed
inteltigence were calculated by summiny scores frum primary
abllity tests thought to relate to eitner fluia or crystallizeg
intelligences Not surprisinglys Figure & shows tnat tne
cross-sectional pattern for flula and crystaliized scores closely
correspond to the cross—sectlonai pattern ot the WALS subscates.

Tine fluig=crystallilzed model of Intelilgence leads to tnhe
intuitively plausible notion that one should not speak ot general
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decline or increase in cognitive competence, Ratner, one should
ask more about expression of abllity in a particular situation,
Is st a situation in which there are cuituratly defined problem
solvin, methods that may be applleu to achieve the uesired result?
If so» a heatthy older person would be at leasl 45 agept as 2
young persony because the older person will prooably have more
Knowleage about the prior utiiity of different sofutions in
similar sjtuations, In some cases the same level of competence
mlight pe achieved In diffterent mays. fNider people woulc be more
fikeiy to apply relevant past experiences, while ycunger people
would be quicker at developing a new sofution to the prootem,

The conceptual difference between tne crystaliizeu=fluid
distinction and tne verbail=nonverbal distinction has important
practicat implications. It the crucial variable s experience,
and not tne extent to which 4 problem requires verbai skiltls, then
one Wwould expect to find situations In which older persons with
approgriate experience would masntain s«xills in nonverbal
situations., To iilustrate ty hypotnetical exampley, consicer the
case of an aircraft mechanic who Is assigned to recruiting duty,
and tnen is returned to his specialty at age 40 or &5, Since tool
use is a3 spatial skitl (McGeey, 1979), proponents ot tne
verbai-nonverbal distinction would predict that tnere shoula oe
detertoration in the mechanlic?'s skille The fluid=-crystallizec
modet would predict that, if there is substantial similarity
between tne current task anc tasxks assigned prior to the
interruption In tne mechanjc's careers then the mechanic should
nave little problem In applytng olo skills to master the new task,
The practical interpretation of the debate revolves arounoc the
question of whetner older personnel shouf{d be snifted towarc
assiynments involving more verbal tasksy or maintained in famjifilar
assiynments even It they require spatial skills, It tne
fluig-crystatlized model s corrects an effort should be made to
ensure greater continuity ot procedures and aemands in duty
assignments of older personnef. A simifar argument would be made
regarding the optimal training techniques for older personnel,
Assuming tne flujd-crystallized distinction to be trues one would
argue trnat nonverbal training technigques would be acceptable for
older personnely providing that they utilized cuncepts ana
knowledge familiar to the traineess Indeed, jJiven trajnees of
averdye {(ur below averajye) verbal intetiigences 1t would be
foollisr to provide training by purely verbal methods (eeQes
reaaing training manudls) bhecause there was relative malntenance
of verbal skills with advancing agee.

The vurrent fiterature is inadeguate to distinguish tetween
the verbdal-nonvertal and crystaliized=fluld explanations of the
ciassic aginy patterns White one can think of tasks tnat should
be vertal=fluld andys, with somewhat more ailfficultyy tasks that
snoul¢ be ncnverbal=-crystallizedy no systematic study of such
tasks has heen conoucted,

Refore nmuvingy tu vther d4spects of tne literature on
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Aging and Cognition

intelligence, we enter a reservation concerning the cltassic sging
patterns A person taking a psycnhometric test Is faced with a
particular proolem solving situation, and must develop technlaues :
for copiny with that situation "on the spot."” Tests of verbal .
Inteitigence ask people to read paragraphsy retrieve the

definitiuns of wordss etc, Nonverbal tests typically present

aduits with rather novel problem solving slituations. This |Is

particularly true of the so celled "culture-fair"” tests, which

explticitl seek to minimize capltallization on previous knowledge, it
Horn an< . .ttett would argue that thls |Is precisely the source of
the cr, tallized=fluld difference.s But there is an additional
confounding factor, the amount and recency of previous experience
indiviguals have wlth test takinge. Young adults wno have recently
been in scnoo! wiii have had a good deal of experience deallng
witn testing situations, and probabiy develop skills to cope with :
them, Cider personsy who may have had less schooling, and almost !
certainty have not recently been in schools probably do not have
tnese skills avallable. Is It possibies thens, that the spparent
decline In tiluid Intelligyence is an artifact that could be removed
by proper tralning? Tne Jssue is @8 complex one. There is little
doubt that older people can improve their absolute scores wlth
training (eegesr Willlisy, 1981). Improving test scores, however, is
not tne pointy uniess the improved scores also predict performance
gutsiaoe the test sltuation better than do the scores obtained
prior to training.

-

WSO TEERITTNCN Y

CHANGES IN THe STRUCTULRE OF INTELLIGENCE WITH AGE

o The "structure of intelliigence" refers to the relations
between agifferent psychometric abilities, which is in turn a
function of the relations between those abllities and the more
basic cognitive capacities that determine them. The correftations
amony performance on measures of different primary abitities are
sald to be determined by the underlying inteilectual structure.
Spearman's famous "general ptus specific” theory of Iintetlligence,
the Catteil=Horn models and Thurstone's primary menta) abilities
model are all moaels of the structure of intellljzences Although
most studies of aje changes In Intelligence have examined age
chanjes in mean abiltity tevelss some studies have asked whether |
there d4re rundamental chanyes Iin the structure of aovilities with

advanciny ageoe

e e gy -+

Studies of youny adulits tend to find smaller correlation
between difterent abillities than do studies using cnildrens. Young
aagults are more |(lkely to be gooa at some skills and poor at
others, while children tend to be generally good or bsdes OQOlder ' !
adults tend to show less differentiation between Jdifferent ‘
abilities, Tnis nypothesis is calleu cge-aifferentiation (Reinert,

1970)e One possibie account ftor this nypothesis, it It Is indeea
truey, Is that aje declines in pasic cognitive operations,
especially in their speeud of executions tend to reduce
performance leveis of older 4daults on all ability tests

-16-




Table 1

Correlations among Primary
Mental Abilities Factors

Group 1 (Mean age 30)

v S R N W

vV 1

S .115 1

R .559 .455 1

N .390 .239 .489 1

W .531 .034 .425 .334 1
Group 2 (Mean age 42)

' 1

S .296 1

R 711 .479 1

N .419 .248 .441 1

W .508 .039 .439 .308 1
Group 3 (Mean age 58)

' 1

S .593 1

R .838 .650 1

N .666 .528 .627 1

W .557 .290 .505% .450 1

Data from Hertzog, 1979. Only the lower half of the (symmetric) corre-
lation matrix is shown. Mean age refers to age at first testing in
longitudinal sequence. |

Verbal

Spatial Rotations
Reasoning (Inductive)
Number

Word Fluency

Abbreviations:

EzZ2oun<
LI B B B}
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{Cunningham ana 8irren, 1981). Taxen to the extremes the
dedifrerentiation hypothesis Impies that tests of ability that are
valid for young adults are invatld tor older aagults because the
tests are not measuring the same cognitive abllities in the two
populationses This IS an important Issue for any methoa of
occupational screening of older adults which Is based upon
conventional psychometric tests,

Earliter studles of the dedifferentiation hypothesis used
factor analytic methods to isolste sources of assocliation among
different Inteliigence tests,s Thils Is a statisticast technique
that Is supposed to uncover the underliyling dimensions of abilities
that are testea, In different wayss by each of a large battery of
tests, Tne dedifferentjation hypoctnesis precicts that several
dimensions will be uncovered by analyzing tne data from tests
gliven to young aaultsy and that fewer (perhaps oniy one) dimension
wil) be found in the deta obtained from older adults, The results
of early stuoies testing the degifferentjation hypothesis were
inconsistent (Reinerty, 1970) Much of the disagreement seems to
have been uue to differences in factor analtytic methods used from
study to stuuy, rathter than in inconsistencies in the data itself,
Recent studies have used more advanced methods to compare factor
analytic sofutions ootained from different age groupse A more
consistent plcture has emerged. There does appear to he an
incredse in the correlations among ability factors in tate miodle
aje and old age (Cunninghamy, 19€E0; Cunningham and Birrens 19vl;
Hertzogsy 1974)e Table 1 reports correjations amony flve primary
a1 lity factors for three different age groups from the Hertzog
study. The correlations amony sbilitles in the oiogest group were
unitormly nigher than the same correlations in the youngest group.
Note, nowcver, that most ot the chanjes d4ppear to emerge from
middie to ola aje.

In splte ot the chanying correlations amonyg ability factors,
the recent results Indicate that the relationship between
individyal psycnometric tests ang the underiying aoility factors
seems to e constant into old ages This concliusion is based uypon
the observation tnat tne regressions of tests on factors (the
factor loasaings) from these factor snalyses may be considered
equivalent tor defferent age groups (Cunninghams, 19603 Mertzog,
1979). we may Interpret the changing correlations as an
indication of a modest furm of dedifferentlatlony, which is of
theoretical Interest, why woulod conceptually distinct atilities
pecome more correlated #ith advancing age? Howevers the major
chan,es occur after age >0 and» more Importantiy, 40 not appear to
affect the basic measurement properties of the psychometric tests.
The data theretore causes little concern that aye changes in
intetlectual structure invaiidate the use of psycnometric tests
tor occupationdt purposes for adults under the age of 5%,

The Hertzo,; analysiss based uoon Scraiet's longlitudinal data,

adds anuther bit ot usetul information about the stabfility of
mental ,ertormance. The study found that absolute variebility in
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a general inteiligence factor increased from roughly age 40, and
that individual differences In intelliyence were highiy stable
across tne adult tife spane The latter point was indicated by
correlations exceedliny 9 between generasl i1ntellligence measured
longltudinally over a 14 year agye Inter.-ats Thys correlation s
even hjgher than the .7 correlation typicaily found between
adolescent and aduit performance (McCalil, 1977)s Hertzog's
results show that, In spite of any age changes in level of
performances the rejative ordering of aduits on a general
intellligence factor remains basically constant over time. They
furtnher show that average differences between inaividuals in this
general intelligence factor increase as they grow older, This
finding s of consiocerable practical Importance for selection of
personnetlts Glven that two individuals differ sltightiy in
intelisgence at age 20, the prognosis is that the difference may
be greatery but will be In the same cirectlons, at aye 50, When
consiaerea in congunction with the evidence that high abllity
indiviguals may maintain higher mean levels of performance (that
fs» show tess age decline) than tower ablillity indlividualsy these
results pruvide a scientific rationaie for Increasea effaorts to
recrult higher ability tevel personnel initiatlys and to try to
keep them in the service longer. The intefligent recruits today
witl probably be inteliigent (and experienceu) personnel tater,
There is a4 minor qualification to this interpretation of the
Hertzoy resultse. One must remember that tne nigh correfations
between different ages founo In that study are for an Iintefiigence
factor vefineg by the covarlances among several Inteliigence
tests. Measurement error {(see Nunnally, 1978) will lamit the
betwee¢n—ages correlation (and hences the predictive validity) of
any sinyle inteliigence test,

We argued above that the psychometric data provide useful
global information about age changes in cognitiony while the
exgerimentdl cata on age changes in cognitive processes provides,
tn princlple, a more refined picture of aging effects on cognitive
activity. Nne coula also argue that a joint analysis of
intetlligence and information processiny capacity Is neededg to
explain more fully the age effects on psychometric iIntelilyence
that are ooserved -- intelligence may be best understovod when
considered Iin liaht of intormation processing mooejs (Hunt,

19709 1%¢c0)s Horn and NDonailcson (L9Y79) also contenu that complex
skilis sucn as tnose tested In psychometric studles must be based
partly upon acquired knowledges and partly upon more primitive
information processing capdacities. In some of his stuagiesy, Horn
has dlttempted to measure these more primitive capaclities, and
relate age cifferences In Information processing capacity to age
differences In fiuld and crystallizeu intelligence, His aats
suyyest tnat the Information processing measures are more closely
reiateg tu flula Intetliyencey as predictegd, Figure 7 summarizes
the results of statistical manipulations In whicn the conuitional
distraibution of tluld Intelligence dare related to aye, after age
differcnees in measures of attention sand short term memory are
neld constint by part curretatione The dasned 1inaes are the
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Figure 7.
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Idealized plot of changes in ability. (Horn and Donaldson,
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adyustea age trendss while the solid tines are the unadjyusted
trends, Tnere Is a significant reauction In the age trenoc for
fluid intelligence uafter adjustment for the information processing
measures, While we have reservations about tune measures Horn
useds anc the use of part correlations the general nypnthesls that
sge trends In intelligence performance are related to age trends
In Information processing skills merits further Investigation,

SUMMARY

The titerature on aje changes in psychometric intelligence
suguests that there are cnanges during the workiny years In mean
performance jevels on at least some abiljties. Spatial ability and
non verbal reasoning tests ("fluld inteitigence"”) seem to be
particulariy susceptiblie, Whether or not the drop in non-verbat
reasoninyg and spatial performance occurs before or after age 50 |Is
a matter of debate, Although there are several cross-sectional
stuoles tnat suggjest that the arop begins reasonaoly early in
adult Jife (roughty 30 to 35)y these studles nave not adequately
controlled for cohort effects,s, The reports from the better
contrclled experiments by Schaie et at.s» in which cohort effects
nere wmeasuregdy suggests that the drop begins pltace sometime past
50. Because of the jndustrial Importance ot this questiony a
replication of Schaie's works using other populationsy would pe
nighly desiraqable in spite ot its expense.

Virtually all psychometric studies have concluded that there s
considerable stabitity In levels of verbal intellligence dauring the
workilng years,

4¢ SENSOKY CAPACITIES

In sume situations peogle tunction simplty as detectlion and
recudnition deviceses The complexity of a detection snd
recujnition task can vary greatly from detection of a signal's
presence to ldentification of a particular signal in the presence
of distractorse Performance In primitive detection functions is
vyenerally limitea by end oryan sensltivity, wnile performance in
more comg.ex tasks Is limited by central nervous system (CNS)
functionings Both the sensory ena-organs anu the CNS systems
invclved in senscry information analysis appear to be sensitive to
syings In sowme cases marked environmental effects are also
ouservedy that may appear to be age effects as peopie live in the
hazardous environaments. As a3 general! ruler sensory functioning in
all modalities aectines over the workln3 years, The cetalls of the
vari1ous chdanges have been dccumenteo for vision (Fozards, wWolfs
delly McFartdna, and Podolsky, 19773 Weales 19uos 196%5), audition
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({Bergmany 19803 Corsos 19773 Ordys Brizzee, Beavers, and Medart,
1979), and olfaction (Engen, 1977)s We will cover vision and
audition onlys, as they are by far the most Important modslities in
Rah.,

VISION-DETECTION AND PERIPHERAL EFFECTS

Perhaps ‘the best summary statement about vision is that it
changes conslderably over the working years,; but tnat in the
normal aduft it remains our most reliable sensory system.

Tre eye |tself uncgergoes detectable changes reiatively early
in adult lifes, By age 40 the cornea shows a loss of lustre tnat
Is provably associasted with a change in corneal refractive power,
There 1s also an Increase |in the Incidence of corneaj *"arcus
senilis™y a yrey ring on the outer band of the cornea due to lipid
accumulations This condition occurs in tess than 1% of the
poputation before age 20, but It occurs In sbout 50% of the
population by age 50, Less obvious physical changes are also
founos Past 50 the curvature and thickness of the cornes
increasesy maxing aculty—-incependent astigmatisms more (ikely,

The pupil decreases in size from adolescences and the latency of
the pupillary retlex Increases with ages By 40 tne iens mass,
volumey and density has increased, producing reduced accomodation,
This change s linear wWwith age. The lens yettlaows in color,
prouucing a filtering effect on incident lijghte The largest
effects are in tne blue-yreen reglion of the spectrume The flens
chanyes its refraction indexs causing a blurring of the retinal
images Given tnese phenomena of normal agings it is haraly
surprising that miadie-ayed tennis players complain about outdoor
night tightingt On a more serious notes it is clear that physical
changes in the eye oo produce observabliey, although tolerabie,
visual problems by the 40s,

In additron to the normal processes of organ deteriorations
the risk of pathological cnange lncreases with age. Glaucomas
cataractss and most seriousiys retinal deterioration due to
untreated wilabetes, are serjous provlems beyond &S,

The net effect of these end organ changes s to produce
easity measurable changes In sensitivity and in light-aark
adaptation in the middle ageds Obviousty people in thelr &0s are
not vlindgs out thelr eyesight is deteriorating in an tnoustrially
siynitficant manner. The problem can be acute If the work
situation requires the detectlon of weak sjiynals in low levels of
Itltuminationsy even after time has been aliowed for dark
adastation. Figure 8 summarizes data reportea by McFarfand,
Doreyy, Warreny, and Ward (1960) on visual sensitivity during the
process of dark adaptation., The figure shows clearty that both
tne rate of adaptation and the asymptotic sensitivity after
adaptetion decrease from youth to middle age. This is something
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one should be aware of In settiny standards for performance in any
situation that requires movement from lighted to darkenea areas.

The glare produced by nigh ilfumination also becomes
increasingly troublesome after age 40, due to increased yeliowing
of the lens (Readings, 1968; Wolf and Gardinery 1965), The
filteriny of the aging lens differs according to the tight's
waveilengthe Adaptation to glare from white jight Is faster than
adaptation to yellow Jight In young adufitsy but the difference
between adaptation to white or yellow light Is reduced for older
Iindividuals (Readings 1968)s Thus older personnel should be more
aple tnan younger personne! to beneflit from a human's relatively
high sensitivity to yellow ltight while being less affected by
glares Whether this effect woula be large enough to justify use
of yellow tights in some environments is a question that should be
studied furtner,

Inaustrijal situations in which people are asked to detect
visual signals in fixed flelds are probably rather rare, A more
common situation is one in which a person must alternate between
gaziny at relatively close cisplays and searching a distant visual
flelada. This occurss for instance, when a person must alternate
between looking out of 4 vehicle ano glancing at tne control
panele. In order to do tnis, the eye must accomodate rapialy to
vision at different distances. Formally, accomodation is defineag
as the abllity of the eye to focus sharp retinal images of
external objects inoependent of object distance (Wealey, 1963),

The data shows that accomodstion from far vision to near vision
deterilorates with age (Bruckner,1967)e This change is often
referred to as "presoyopias"” The snarpest declines occur shortly
after age 40 -~ there Is a mean accomodation change of from 5 to 2
diopters from age 40 to age 55+ This change indicates that the
averaye 4u year olad can chanye focus from the far point to a near
point of d4b0out 5 cmes bDut the averaye 55 yesr oia can only shift
focus tv a3 near point of about %0 cme ObJects closer tnan 50 cm
can no tonger be maintained in sharp focuses There §s also
eviaence that tne ability of the eye to accomogate can te affected
by the environmenty; for instance by long term duty on submarines
(Kinney et aly, Note 3), The possibility that age changes in
vision can be exacerbadatea by particular environments should be
given more study,

Presbpyotic changes in the visual near point appear to be
causea by changes in the shape of the eyes senile degeneration of
tne citiary body ang ocular musclesy and loss of flexiocility in
the lens, As is well known, these chanjes also can result in
refractive cnhanges wnhich cause a aeterioration of visual aculty at
the near ooint. Put simpiys the magnitude of tne upticsal
correction requireg for reading iIncreases exponentially es 1
function of age (Wealey, 1963). By age 50 a significent proportion
of the population requires gylasses with a reading correction
(Bernstetn and Rernstelns, 1945). Visual aculty tor far vislon
also shows 8 decided drop with age, Fiyure 9 snows age stratified
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data on visual acuity at the far point (20 toot distance) compiled
by the National Center for Health Statistics (Department of
Health, Etducations, and welfare, 1977). There is a sharp gecline
after ayes 4u=45 in the percentage of individuals having 20/20
visions and a corresponaing increase in the percentage of
individuails with 20/50 vision or worse, Etxperimental tests of
visual aculty also show age declines during middle age (€sQey s
Eriksens Hamliny and B8reitmeyers 19701}, -

The preceding data showed 8sge changes iIn static visua!l
acuitys or accuracy in percelving the features of a stationary
objects Dynamic visual acuity Is defined as accuracy iIn
percejving features of a moving objecte Dynamic visual acuity ;
also declines witn age. Burg (1966) and Heron and Chown (1967)
tested dynamic acuilty by having observers discriminate features of . &
an ovject rotating In a fixed position In the visual fleid. }
bury?s vata (Figure 10A) tend to show eariler and larger age ‘
declines in dynamic acuity than Heron and Chown's (Flgure 108).
The ditference may be due to the range of visual acuity testeqg,
Burg's targyets subtended smaller visual angies than did Herun and
Chcwn's, Regardless of the detallss tne existence of an

dje-related change in aynamic acuity for a rotating obJect is R
clear, {

Reaocing (197¢) had observers (20-30 years; 40-50 years) track b
e target moving with varying asngular velocity across the visual
fieluse Tne task was to detect the presence or absence of a small
gap In a&an ovale The datas shown in Figure 11, follow the function
3
(1) Y = M + NX

where Y is resvlution acuity, X Is the angutar velocity (un
degrees/secs)s M is an intercept parameter (corresponcine tn
static aculty at X = 0), and N |s a dynemic acuity parameter,
Reading found that separate 4 and N parameters were requireu for
the twu d4ge groupse Tne static aculty parameter was 114Y greater
for the 40-50 year oldsy while the dynamic acuity parameter was
about 0% yreaters The two parameters were virtually
uncorrelasteds Thus, independent age changes in both statlc ang
dynamic acuity were found from sge 20 to age 20.

Apotner age change in vision that may have mjlitary
implications 1s the shrinkage of the functlional visual flelo
(Burys 1950; Wolfy 1907)e Wolft's data sujygest that the shrinkage
rate is gyreatest after agye 50, although smdall changes do occur
earlier in lifes 1L Is well known that the orienting response to
4 moviny, ooject peyona the goint of focal attention invoulves
mechanisms associated with motion detection in tne periptery,
whether tne restrictions In the functionsil size of the geriphera)
visual tielc would impasr an older persons's abllity to detect
such obgects (particularly 1n conjunctivn with reducec uynamic
acuity) i1s an importanty, yet unansweredy yuestion,
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Figure 10a. Dynamic visual acuity: Minimum gap in ring detected
with target moving at the angular velocity indicated
by the curve parameter. Data from Burg (1966).
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Not afi aspects of vision show large declines during or
before middie 4ge. Depth perception appears to be stabie unti! at
least age 40 to 45. The age changes in depth perception that nave
been reported appear to have been confounded with age changes in
sccomoastion and convergence, and are not age changes In depth
perception per se (Belly, Wolfs, and Bernhotlzy, 1972),

To summarize, age-related changes in tre eye result in
cnanges in many v suai functionsy including dark adaptation,
accomoaationy static and dynamic acultys and functional size of
the visual flelo. While these changes are not large enough to
warrant a general rule that midale aged personne) cannot or should
not do particufar tasksy they are large enough to warrant extended
testing of visuval capacity beyond the middle thirties, This is
particularly true it a person might be assigned to duty requiring
8 high tcvel of visions We emphasize that standasrd test of static
acuitys such as the familiar eye charty would probably not be
adequate as a predictor of performance for middie aged personnel,
Thnis point 1s underscored by resuits reported by Sivaks Cison, and
Pastalan (1951)se They examined age chanyes in night vision for
reading traffjc signs in a field sjituation. Two groups of
indiviuvuals (mean ages 33 and 6¢) were required to discriminate 3
small) retroflect sign while driving or riding In a8 car. The
groups were matched for statlc sculty at high brightness levels,
Sivak et als found the greatest distance at which the sign could
be reac by tne youny and olu drivers. The greatest distance for
the older drivers was only 65 - 77% that of the younger driverse
In terms of runctlionings, If olaer and younger drivers were
traveling afony a road at the same speeds the older drivers would
have less time to react to a warning signe Perhaps the most
important point of the Sjivak et ale study Is that the functional
disparity in vislon snown between ol0d and younyg in the driving
situation was not predictec by thelr equlivaient performance in 2
high brightness test of static acuftye. This Is consistent with
data on arjving behavior in field slituationse Hills (1980), in
reviewing the lliterature on perception and drivings notes that the
breakpoint for age-related increases in accident rates coincides
with the aje of increasing decline in dynamic visual acuity. The
correlation between oynamic visual acuiiy and draving accidents is
iargest in older populationss while the relation to static acuity
remains tow (Hillsy 1l980; Henderson and Burgs, Note 4).

CeNTRAL CHANGEY LN VISUAL INFORMATION PROCESSING

The visual nervous system is organjzed intu a highly complex
network of visual “channels," hijerarcnically orgered networks of
oprain cells designed to be sensitive to specific visual features
in precise spatial {ocations in tne visual fields Visual channels
are selectively activated according to the salient properties of
the visual stimulusy, especially size, orientation» contrast ratio,
and spetial frequency. Recent evigence collected by Sekuler,
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Hutmany and Owsley (1980) suggests greater age decline In the
sensitivity of channels tuned to fow Spatial frequency
informstion. Sekuler et al., examined the abillity of old ana young
subjects tu discriminate vertical gratings varying in spatial
frequency (frequencies ranging from 5 to 16 cycies/degree),

There were no age differences at hly,h spatial frequencles, but age
differences in contrast sensitivity emerged, and increased
progressivelyy as spatial frequency decreased. These changes were
not a tunction of ocular pathology or poor visual 4acuitye. More
work Is needed to determine the age at which this change in low
spatial frequency sensitivity occurss and to determine which
levels ot the visual nervous system contribute to the effect.

Other reports have indicated age declines in the qusliity of
visudl Information processinge Szafran (19¢8) examinea
recognitson thresholds for shapess numbers, letters, and words.,
using young and old commercial pllots as observers, He calculated
cnannel capaclty curves by plotting output information (In bits)
against lnput information. There were smally put reljable age
crnanyes in the Information transmitted, although individual
differences were larye relative to the size of the age effects.,
These and other resuits ted Szafran (1968) to sugygest that age
changes in visual Information anaiysis are a function of aye
increases In the level of internal "neural noise”™ in the visual
systems Gregory (19573 see aliso Vickerss Nettiebecks, and Wiison,
1972) aavanced a similar hypothesisy, basea upon some evidence of
aje changes in differential thresholdse. Althouyn widely cited
(eegesy Wetforus 1981l)y the neural noise hypothesis nas yet to
receive a deflnitive tests 1Indeed, we regard the date of Szatran
(1968) and Greyory (19%7) for age changes in the accuracy of
visual aiscrimination as preliminary.

There is ygood evidence for age changes i1n the speed of
information processing by the visual channels, Most studies of
the speea of jdentification of visual stimull use some variant of
an experimental paradigm known 3s visual maskings The events in a
masking stuoy are shown In Figure 12, First a taurget stimulus Iis
presented, at an intensity that would ensure easy cdetection were
it to be lett in front of the observer iInderinitelys The tarqet
stimulus is followeu Dy 3 masking stimulus (or "mask") whicn
overriues the visual image of tte initial stimuluss The time
petween inittiation of the stimulus ana the mask is callea tne
stinutus ‘Inset Asynchrony (SNA). The SOA can be thought ot as the
sum of two parts?! the time the target |Is dispiayeas or the target
auraticn (TP)y and the ceau time inbetween the target and mask,
the interstimulus Interval (iSI)e The purpose of a3 masking
experiment Is to uetermine the shortest SOA (sometimes, the
shortest [(SI) 4t which d4n otserver can make a reliable
fdentsticatiun of the target stimuluse This shortest SOA s
called tne maskiny threshol o, It may be used as a measure of tne
speead ot visudl i1dentificatione.

Turvey (Turvey, 1973; Mjchaels and Turveys 1379) has snown
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that there are at least two different tyges of masking.

Peripheral maskinyg effects, which are largely cuontrollea by the
physical intensity of the masky arlse primarlly because the target
ano mask stimuli are integrated into a single functional stimulus
!n tne earliest stages of visual processinges Central masking
phenomena depend upon the perceptual retation butween the stimuius
snd the mask, Central masking Is greatest If tne mask is
constructed of visual features similar to shose used to construct
the stimulus. These are called "pattern masks." The central
nature of masking is shown by the fact that pasttern masks are
effective unaer dichoptic presentations ~= is.ee» when the mask is
presentea to one eye and the target to the other.

As its name impliess, periphera) masking 1s thought to be due
to the iInteraction between tne target and mask in tne peripheral
visual system (the retinal and visual tract prior to the point of
tne fusing of information from the two eyes), Peripheral masking
depencs upon the intensity of lilumination of the target and mask,
in accordance with the following rule?

8 .
(2) TE x SOA = K ,

where TE is the target energy, B s an unknown exponent, S0& |s
the critical SUA, and K is a constants K Is characteristic of an
indivioual's performance at a4 set tevel of accuracy. What the
rule in Fquation 2 indicates iIs that the masking tnreshold (SNA)
decreases as target energy increases. In facty, above a certain
level of tarjet energys which variles from person to persons nou
masking occurs.

Aye differences vetween young and old adults have been found
in peripheral masking, and appear to be restricted mostly to X and
not & (Tills 1978; Walshy Tilly ano Welliams, 1978), In other
wordss age dues not seem to change the form of tne power functions
but older persons require longer S0As to escape the masking
function, MWalsh (Note 4) recently reportedg peripheral masking
data which included a middle age groupe His sample consisted of
24 young (mean agye 18,7 yearss ranye 17-21 years)s 24 middle agea
{mean s e 0.5y range +0-23), ano 24 old {mean aje 4043, range

/=74 years) adulits, who were elther Unliverslity students or
alumni. The critical ISI to escape masking Is shown In Figure 13,
There appear to be retliabte differences Iin the peripneral masxing
constant between the young and milddie aged subjects (the exponent
8 did not ditfer between them)s Thijs result means thaty, for a
tixed tar jet energys tne micdle aged persons were suszeptible to
masking for a tonger times Note that the data for the middle aged
observers were more |(ike the data for the older ogbservers,

The age Increase In peripneral masking thresnolds coula be
attributed to two sources: cecreased energy Incident at tte retina
(oecause of yellowing of the lens and other effects discussed
above), or sliowed transmission time in the peripheral visuat
channels, Walsn (Note 53 walshy Tiliy and wiliiamsy 1978) arjues
that the eftect probably represents siowed peripheral channel

-25-

.~

- e ——— -




Aging ang Cognition

enalysisy since individual alfferences iIn thresnoilds for the
target stimuli altone account for relatively small amount of the
varsance in ISI across individuals Iin each age groupes The
evidence for the excluslon of ocular factors |Is stil! scanty,
however, and further research on this question would be in oraer,

Unlike peripheral maskings central masking is rejatively
independent of target and mask energies. Instead it sppears to be
8 function of the time needed to decode tne visusl features of the
target ana then identify it. Central masking obeys the rulet

(3) SOA = Tu + IS = K,

where SOA Is the criticai SCA to escape maskings TD is the target
durations ISI Is tne critical 1SI to escape maskingy, and K Is a
central masking constant, The K in Equation 3 |Is also 8
characteristic of a given individual and level of accuracy, but It
is cifferent from the constant of the peripneral ruie (Eouation
2)e

Age ditferences iIn central masking have been shown Ly age 50
(WNalsh, Note 5; Williamss Note 6), walsh found SOAs of
approximately 50, 60, and 6% msec for his 20, 46, ana 70 year old
groupsy respectively (these SNAs are inexplicably shorter than
those of previous studies In the same faboratory —=— e¢Qes» Walsh,
Williamsy and Hertzog, 1979)s In Walsh's studijess the taurget
stimul: are letterse wdalsh (Note %) also varied the numter of
letters in the target from 1 to 3. Masking thresholds for
multiple elementl targets are of interest because the additional
tine taken to identify the extra targets reflects readout time of
information fruom a short term visuel storage system often called
"lconic memory™., Waish' data are shown in Fljure 14, He assumed
that the Jetters were read out of lconic memory one at a times, and
therefore fit a tinear equation to the data (the thin lines iIn
Figure 14), Even without committing oneself to the validity of
the sersal raagout assumption (Sperlings 67)s The sliope ot the
finedar equation may be taken as a rough measuyre of the speeg of
information readout from iconic memory. As can be seen from
Figure 14, th. Increase In SJA from 1 to 3 letter targets appears
to interact with age -- npote the roughly 40 msec, difference
between young and midale aged individuals for the 3 letter
taryets, These results sugwest slowed fconic readout by age 45,
It wouin be desireable to extend the research to fina the aye
where the Jdecline in lconic readout speed pegins,

in absolute termss, aye diffterences in masking thresholds are
not larye, The cifference between abservers in thelr 20s and 60s
in SO2s for single Ietter targets is on the order of ?5 msec,
This girtterence 1s Small relative to aye differences sn motor
reaction times (sec below)s, Nevertnelessy, any age effects on
masking functions are of Interest because of their theoretlical
interpretations Central masking, In particular, provides a fairly
girect measure of the speed of information processing in the
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visual nervous system. Changes in masking do eppeesr to occur by
middie age, Furthermore, studies measuring the brains etectricsl
response during stimulus identiflication also show slowing of brsin
activity with savancing aye (Ford anc Pfefferbsums» 1980), Thus a
modest deciine in masking may be an Indgication of a pervaslive
slowing process that coula have multiplicative eftects In complex
prcebiem solving slftuationse As we shalt sees, there Is a good deasl
of evidence to snow that a yenerallzed slowing of cognitive
processes doesS occur with age, It would therefore oe usefyl to
have stuaies in which measures of siowing at several levels of
cognitive processing were taken =-- for example, measures of
masking could be related to performance In situations requiring
visual scannings stimulus laentifications and probilem solving.

To cluse tnis section, we consider « more complex task. In
visual scannliny studies, the observer must locate a target figure
in a fietd of distractors == e.ge» determine which lines have the
letter "X" in the aisplay in Flgure 15 A larye number of studlies
have srown tnat the eliderly (age 60 and beyond) are slower tnan
youny acgulits in visual scanning (Rabbitt, 1968), and are more
likely to be distracted by irrelevant information during scanning
(Rabbitt, 1965). However, those studies that have jncluded a
middle aged group have typically not shown changes In sceanning
rates trom age <V to 50. While this makes it likely that the main
chanyes in scannlng rates occur after age 50, the avallatle data
are quite limited,

An impleicit assumption of most scanning studies Is tnat the
observers are responding as fast as they can without making
errors, In fact, thoujhs people can trade off speea for
probabitity of errore Thus an apparent slowing of scenning speed
with aye might reflect the adoption of a more cautious search
strategy rather than a l1oss of the capability to scan rapidty
(Pachella, 1974)s Hoyery, Peboksy and Svea (1979) observea that
individuals 1n thelr 40s ana 50s were sliower but more accurate in
a visual sorting task simitar to visual scanning. This results
suygests that the miodie aged Iindividuals might have traded off
speea for greater accuracys perhaps because of a lower tolerance
for errorse Olaer adults often appear i1ntrinsically to prefer
accuracy over speed in these kinds of experiments (Rabbitt, 1977),
but a simple traacectf probsbly aoes not account for atl the speec
difterences in visual scanning when one compares earily asaulthood
tu tne retirement ages.

There seews to be a difference beween tne way that visual
scanning stuales d4are oone in tne laboratory and the way tnat

‘ visudal Scanniny seems Lo occur in most practical situations, In

the typi.al laboratory studys the oovserver s as<eu to scan a
aglsplay and co nothiny, elsee Ir fleta situations visual scannling
Is typically done in conjunction with other tasks. To ittustrate,
a mutor venicte driver continues to gulce the car while scanning
rosd siynse. Rabbitt (1977,1979) has founa that differences In the
visual scanniny performence of young and eloerly subjects can be
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magnifijea either by Increasing the number of distractors in a
display or by introducing anr anciliary (memory) task, This sort
of resuit has lead several peopie to conclude that visual scsnning
demands "attentlonal resources", and that these resources are
reduced with age (Rabbitt, 19793 Hasher and Zackss 1979; see the
section on Attention below)s Rabbitt'!s results, which are not
based on studles using middle aged subjectsy, suygest the neeq for
furtner exploration of age changes In scanning performance when
done in congunction with other tasks,

Another iIndication that age changes properties of perception
Is the change in several visual Jllusions, such as the Muller-Lyer
itiusion, Comalli (1970) has reviewea a large body of data which
suggests that older persons have ltlusions similar to young
cnildren == that iss & "regression®™ of the perceptual lltusicn to
pre—sduit leveis. However, most of the change 4ppears to accur In
the late 60's and 70's» and s not of paramount interest for this
report,

One way of summarizing the results of the varlous studies on
age anou visual detection and identifjication is to consider what
sort of tasks would be expected to reveal performance differences
between peopile in tneir 20s and 40s.s If the task required
detection of rapidly moving targets, at low levels of
siluminations younger observers should pe markedly betters enough
so that the difference might be of serious concern to equipment
gesignerse If the task requireu rapid identification of single
stimuili tne younyer observers might still be more rapid, but their
advantage would probably be much reduced, If the task reqguired
that the observer pick out a clearly distinct stimulus from an
array of stimull of the same type, large age differences would not
be expecteds However, perhaps age effects would reappear |f the
scanning tdask were made more diffjculit or +f it were to be done In
congunction with other taskse

AUCLTION

Heariny) Is exceptionally sensitlive to ajes Many changes in
audition are ussoclated wilr straightforward cnanyes In the
physitalayy of the inner ear; atrophy ano degyeneration of halr
cells and supporting structures in the vasal coil of the cochlea,
atroupny of the stria vascularis of the scale media {(leading to
deficlences 1n enaolymphatic flulds) anug atropny of structures
associatea with cochicvar vibrations, Each of these changes miant
tneoretically ve associated with dirferent typaes of loss of
auditury sensitivity (presbyacusis)., The coucnlear changes should
be associatec with speciflc high frequency hearing losses that are
characteristics of auvancing age. Changes in tne encolyspnatic
fluilds snhould lead to a uniform loss In sensitivity at all
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frequencies, combined with loudness recruitments so that noisy
situations should make fine discriminations harders Changes in
cochledr vibration should be assoclated with a yraded loss of
hearing from low to hilgh frequencies. All Lhese phenomena have
been observed (Bergmans, 19803 Corsos 1977). In aguition, there
are age refated differences In hearing that are provably
assocliated with central nervous system factorse lotation of the
central from the peripheral effects is an Important, but difficuilt
task, Speech perception is a good illustration. The
understanding of speech seems Intuitively to be a central process.
A measured loss In speech perception cannot routinely be
attributed to CNS deteriorations because peripneral changes may
limit the quality of tne percelved speechs To account for
peripheral effectss stuadies of age differences in speech
perception often speech perception after equating subjects for
peripnerally producea presbyacusis (Corsos 1977)s Howevers it is
nut always clear that matching listeners on the perception of pure
tones 1n a glven set of frequencies (or any other single
criteriun) goes In fact equate individuals, since they may dgjffer
in forms of hearing loss not tested by that criterion,

Aye assocldted losses occur In the ability to vetect pure
tones by aje 40y |f not soonery, although very pronounced changes
0o not occur until somewhat later, Figure 16 shows that auditory
sensitivity to pure tones declines exponentsalily from young
adultnoods with the greatest loss at high frequencies. The
targest oacllnes are at hlyher frequencies than tnose critical for
perception ot normal speech (roughly 1000 to 2500 Hertz), but some
age-relatea decline in the speech frequencies Is observed. For an
4s yal unanown reasonsy the loss [s less 1n women than in men.
Corso (1977)s In reviewming these datas states that beyono the
widdle 30's some hearing loss s evident in virtually attl
tndividualse Bergnman (1950) emphasizes the conpiementary side of
tne picture -- namelyy, that there are both individual differences
ano subpopulation differences In presbyacusis curves! We should
emphasize then that the curve in Figure 18 is representative of
average pure tone sensitivity for members of Western
Industrialized societles,

In adadition tu toss 1n Adetections louass in discriminability of
sugratrreshold stimulil also occurse Fi,yure 17 demonstrates tnisy
by showing pitch discriminstion as a tunction ot aje and frequency
(Koniy» 4v57)e BAs was the case tor cetectians the [(0sS ¢S
proaressively yreater as tne frequency of the sounds increases.
Tne loss of discrimindtion at tre higher frequencics in Figure 17
Is ¢tearly evident in the 25 - 35 age rangye., The aata from
Figures lo anda 17 indicate that |t may ve necessary Lo screen
micole ayed personnel for hearing louss 1f analysis of midale to
high froeauency sounds (roughly, greater than coun Hertz) Is an
Iimportant aspect of thelr jobs,

whtile there are industrial situations In whicn ton2 oetection
ana/or discerimination 1s Importants speech perception Is far more

-29.




Aging ena Cognition

Important. As Flgures 16 and 17 show» there are losses of
suditory capacity in the speech frequencies during the age
interval 20-35, These pecome more marked later in tife., The
importance of these losses vary greatly with the conditions of
speech perceptions Bergman et al. (1976) determined speech
getection in fisteners whose age varied from 20 to over 70. Both
longitudinal and cross—-sectional data were taken, making this
study one of the better designed ones iIn the lliterature, In
addition to determining detectlion of normal speech, speech
detection was determined under a varlety of adverse conditions. A
portion of the resulting data ts shown In Figure 18. Three
functions are showns for age-related perception of normal speechy
speech presented with a competing speech signai in the backgrounds
and speech that was interrupted electronicaliys as might be the
case in a statlic—-prone radlio transmission, AS can be seen from
the frlgure, there is llttie interference with normal speech
perception until beyond age 60, Somewhat mcre age-related
decrement Is shown In selective listening, and very markeg
decrements are shown 1n tistening to interrupteaa speech, Corso
(1977) suggests that much of the reduced speech perception with
advencing age may be a function of increasea time to process
information in the auditory cortex. The peripheral changes
dlscussed above probably contribute to the deficit also.

Ber juan et al.?s experiment is an Important one for two
reasons. Conventional audiometric examinations determine pure
tone frequency nearing lossy» on the assumption tnat this
correlates well with the perception of spoken words (Geldard, g
1972), While this may be the case for the perception of singte i
words in isotationy, other factors may be involved In the
perception of sentences under adverse listening condltions.

Bergman (1980) suggests that high frequency hearing loss will In §
fact "generally create considerable difficuities in understanding i
speecn neard under otner than optimal conditions™ (page 3C). & }
recent study reported by Bergman (1980) emphasizes this point, ;
Mloole ageus (ages 45 - 63) and older listeners had more difficulty
understanain, speech of talkers whose voice and speech patterns
were rated as poor. Whlspered speech was particutarly
troubfesomes Bergman'®s explanation is that whispered speech
reduces the amount of information avallaole from glottal
(phonatory) energyy placing grester import on tune relatively nigh
frequency information present In the formants and consonants.

Since many Industrijal sltuations do Inevitabply involve poor
listening conditionsy, It would be advisable to datermine whether
or not aefects in practical speech perception are identified by
current audlometric measurement techniques ands «f they are noty
what new measurement techniques woulu ve appropriates A second
polint to keep in mind about Bergman et 41's results Is that, If
anythings tnhey may understate the seriousness ot the situation.,
In the Bergman et al., experiments, listeners generally were
required to report speech verbatime If they nad aiso been
required to comprehend and evaluaste that speech, the added
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processing requirement might have Interacted witn the attentional

demands of the difficuit speech perception task to produce even
greaster aye deficits.

A ]

While certain changes in the auditory system d4re Inevitably
sge~related, personsal experiences are also strongly involved In
the determination of adult hearing capacity. It Is well known
that enviornmental events, in particular exposure to intense, hjgh ]
frequency noises for a long period of times can produce marked ¢
loss of hearinge Such situations are particularly common in an
Armed Services environment. Whether or not environmental damage '
is additive to an age effect, or interactive, Is not known, Thlis
procbably depends upon the precise type of damage produceg by the
environment (Corso, 1977). Part of the differences in
presbyacusis curves between populations of adults may be a
function of environmental factorses The adifferences can be quite
farge. Fijyure 19 shows data for 2585 Wisconsin residents and 541
Mabaans, @ group of Sudanese tribesmen. Note that the hearing
foss in the Mabaans tribe Is much smalter than the loss in the
Wisconsin reslaents,s The Wisconsin residents mesy be more
representative ot tne populstion of American service personnel.
More serloustys the data of Filgure 19 jliustrate dramatjcally how
much of our "normal®" aging trend may in fact be a reflectlon of
our normal environmental hazards and personal health hazarase.

-

Consistent with these findingss there is eviagence that the
UeSe population as a whole |Is becoming more hard of hearing. The
rate of Inciagence clinical deafness in 1960 was approximately 300
per 10,000y up from under 200 per 10,000 In 1940, By the turn of
the century the deafness figure is expected to reach 360 per
10,000 (wWwatson and Tolan, 1967). If we assume that the incidence
of subclinical cases of hearing loss Is proportional to the
deafness figures, this means that there iIs a marked cohort effect,
ieese that the 30 and 40 year olds of tomorrow will nave a greater
inciagence ot hearing troubles than do people in this age bracket
today. Part of this cohort effect might be related to personal
hatits == Kryter (1970) has reported a high level of noise~related
deafness anu hearing loss In rock musiclanst! The impact of the
incredsing incluence of major hearing loss upon industrial
perfurmance snoulg be investigated.

Inexpilcablys tnere are no studjes in the (iterature of age
chanyes In the speed and integrity of auditory information
processing analogyous to the stucdies in visuat information
processiny reported in the prececginy sectlons For example, we do
not know how tne process of informatson readout from echoic memory
(tre auditory equivalent of lconic memory in vision) is effectea
by ajiny (Zrowdar, 1980). Stnce the organization of auditory
curtex anu related pathways in the brain differs from the
organization of the visual centers (ee«ges there are more primary
cortex areas devoted to audition than vision)y) we should not
assume tnat age changes In the two systems would be strictly
identical.
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CNMMENT ON SENSNRY CAPACITIcS AND AGE

Many of the sensory detection ano discrimination studies
currentiy in the literature have relied upon a personts abliity to
detect a stimulus, assuming that al) individuals use the ssme
criterion for dgdetection. If there is a systematic shift in
criteria with ages in the djrectfon of demanding a4 higher
criterion signal oefore respondings then Increases Iin “caution"”
woulu appear as decreases in sensory sensitivitye A limited
amount of evidence suggests that this i1s Indeed a possibitity
(Craiky 1969; Rees and Botwinicks, 1971). Whlle it seems uniikely
thnat « repetition of the studies we have reported using
criterion-free methods (e.yesr Signat Detection Theory approaches)
would eliminate the aye effectsy, the magnitude of the estimated
age change might be reduced. If It were the case triat some of the
age cnanges were Inoeed a function of the observer's criterions
then miyddie aged personnel could pe tralned to increase thear
frequency of faise alarms toc adjust for cases where a missed
siynal would have a nigh coste

Stuaies gemonstrating cefects In simpie detection of stimuli
are apt to be dismissed with the comment that there are obvious
grosthetjic measuress FEye glasses are common In our soclety., It
Is much harcery, nowevery to remedy perceptual and sensory defects
that are dssociateo with accomodation to ranges of stimuli} eeq.
rapid shifting of the gaze from far to near and back agains or
filtering a signail through noise In 8 speech perception task,
White the typicat man or woman in the 40's is neither olind nor
geaf in tne clinicatl sense, drops In the sensitivity of vision and
hearing in tais age range are farge enough to warrant study of how
they affect performance in demanding work environuents,

In this section our focus has been on sensory and primitive
perceptual processesy to the exclusion of more complex processes
of stimulus analtysis and response production, Although the
interaction between sensory and hjgher order cognitive processes
has been ltittle studieds, it may be quite important both
tneoreticaltiy and practicaliys We shall argue pelaw tnat nigner
ofuer cojnitive functloning demunds attentions and that cne of the
cnaracteristlics of oluer incivicuals Is reducca attentional
cdpacitys In younger individuals, agequate sensory perception may
procerc alwost independent of any allocation of attentions whereasas
the oluer individual may acltleve the same level of sensory
perception only by actlively attending to the stimulus chsasnnel,
Primitive acts of perception become competitors for attention for
tne oider person 1n a way that they are not tor the younger., Thus
an glder person whos with etfort, coutd pass 3 test designeo to
evaluate sensory functioning and nothing etse, miyght not be able
to ftunction fn 31 Job tnat combined sensory perception with more
complex tasksSe
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Minor sensory problems can lead to psychological discomfort,
even If they do not affect job performance directiy. Among the
elcerly there is clear evidence of emotional disturbance
assocjated with sensory loss, especially when that loss affects
functioning in intellectual situations (Corsos 1977)e Whether
ainor probleasy such as Irritabititys, would be characteristic of
middlie aged individuals working In noiSy or low vision
environments Is a matter for speculation. As the success of the
volunteer services depends heavily upon attracting these
individuals to mliitary careerss, and keeping them in those
careers, some thought shouid be glven to changes in working
situations that can avoid such problems,

5 THE CAPACITY TO ATTEND

In studies of visual and auditory capacity, it Is impiicitly
assumed that the ingividuals belng evaluated are giving their full
attention to the test stimulus. The assumption is probably
correct, pecause testing situations sre simpie (esg. a listener
may be asked if he or she hears a tone) and because testing
sessions are brief. Wnen more cognitive abitities are being
examined, as in studles of memory or probiem solvingsy care must be
taken to control a subject's allocation of attention to various
aspects of the taske Attention allocation is aliso of considerable
practical intereste Many accidents are “explained™ by saying that
the people involved falled to attend properiy. There Is also a
great aeal of anecdotal evicence suggesting that the abllity to
control attention decreases with age. Most of the anecdotes have
to do with Inattentiveness (n old age, Less is known about changes
1n attention as people move from thelir twenties to their sixties,
Clearly the average person of thirty or forty does not lose the
abllity to concentrate to the point that inasttentiveness becomes a
personal problem requiring professional help, AS was pointed out
in the introductions, a small decrement In a psychologlical function
may be trivial to an individual but important on a population
basise Given that chanyes in attentiveness are observed in the
efderlys it is reasonable to ask whether or not minof changes in
attentiveness can be ooserved during the workling years,

This question is hard to answer, Attention must be measurea
Invirectliys, by observing peiformaence on tasns that require
attentions but that also araw on other psycholoylcal tunctions,

Yo ittustrate, suppose that someone bas a notorlously poor memory
for peoples! names, Is this tecause tne individual does not pay
attention when introduced to strangerss or because the personts
perceptiun 1S deticient, or because the person tinds it hard to
store and retrieve information? More particularlys, because it Is
reasonable to believe that people lose some abifiity to control
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attentlion as they aye, a number of experiments on wemory, problem
solvings and aeclsicn making have been "explalneo" by assuming @
loss of uttention, We shall argue befow that this concluslon iIs
wafranced only in fairly limited circumstances. Furthermore, It
the concept of "Joss of attentlon”™ is tu be appealed to as an
explanation of experimental results, one nhas tu define what
attentlon Is« No satisfactory definition has oeen offered.

The remalnder of thils sectlon discusses some of the
conceptual and methodologiceal problems Invoived |n determining a
person's ability to allocate attention to information processing

taskss Althouyh some experimental results wiil be cited, the
thrust of the argument Is theoreticats, The major purpose of tne
section Is to introduce concepts about attention that will ve

important when we deal With the relation between age and tigher
cognitive functions such as memory and probilem solvings

THE ATTENTIUNAL REIOURCE MOCEL

One way of conceptualizing attention iIs to take the rotion of
“payiny attentlion®” quite (lterallyy by imagining that we have a
finite amount of attentional resources. An attention demanding iF
task s one that requires the expenditure of resources from tnis }
supplys Kahneaman (1973) has presented this idea in some detail, ;
In his viewsy any mental task requires the activatsion of mental
structures. These are the mechanisms that accomplisn the ;
functions requlread to do the tasky such as discrimination of
opjectsy renearsal of Information In memory, and tne manipuiation
ui visual images, Each of the structures draws upon the pool of
avallatle mental resourcess Tne pool itself is termed attentional
capacitys A structure will lncrease jts demands Jpon attentional
capacity 1f the intormation processing ioad on the structure is
increaseds Simitarlyy, the greater the amount of resources
provigeo Lo a structure when aealing witn a fixed information
processing 10oauy the more raplaly 8na accurately tne structure
will perform its taske Complex tasksy» such as reaging a novel or
arfving an automobite, requlire the cuordinated activatior of
several stryctures and an approprijate allocation of attentional
resources tn each ot tnem,

T e

Cunsjder some abstract tash that Invouives one or more mental
structuress The function relating overt performance to the amount
of attentional resources allocated to tnose structures required bty
the tusk 1s callea tne performance~resource function. The
performance~resource functlon is unotservable In prancigley
because "attentlonal resources™ refers to an aostract concept
fratrer tnan 3 measurable exrenuiture ot eneryys In spite of Its
turely conceptual natures, tne performance—-resource tunctian may te
used to classify tasxs by treilr resource vemandse. HNormen and
Rotirow (1975) define resource~limliteyd tasks as tasns on mhich the
pertornance ftunction is strictly monctonicaily Increasings 1.0,
tasks on wnich pertormance levels increase with «n i1ncrease in the ]
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amount of resources allocated to the tasks Not «li tasks are
resource limiteds ana a single task may be resource limited under
some conditions and not resource-limited under other conditions,
Teke the case of a person listening to the radio unaer poor
reception conditlonse Accuracy of reception will depend partly
upon the attentiveness of the listeners At a certaln polnt,
thoughy concentrating harder siwmply will not further improve
receptions, Asymptotic performence will depend upon the physical
nature of the stimulus, as fliltered through the llstener's
auditory apparatus. Maximum accuracy may be reached without the
iistener aevoting complete attention to the signals to the
exciusion of all other stimulie« 1In such a case performance Is
saild to be "data~-limiteds™ The term Implles that performance is
limlted by characterlistics of the external stimulus but, as the
example showss a data limitation may also be imposed by the
character of a persont's sensory or mentat structures, For
instancey, in consideration of the data reviewed in the preceeding
sections, presbyacusis might impose a data limitation on the
auditory tasx performance of older adults, even thnouyh younger
agults were resource limited under the same conditionse.

Gne way to think of the alleged inattentiveness of olager
agults Is to assume that attentional capacity decreases with age.
This will ve referred to as the "attentional deficit hypothesis,”
If the hypotnesis s trues performance should decrease with age
whenever people are cdevoting full attention to a resource timited
taske While thnis inference Is conceptuslly straightforward, It Is
asftijcuit to construct a practical test of It, The problem is
tnat one cannot be sure that maximum performance s determined by
a resource limitation rather than a data Itimitation. Consider,
for example, the study of tte speed with which people do mental
tasksy varying from simple cholce reaction time studies to
reasounably complex mental arithmetics Almost every study of age
effects in such tasks has shown a decrease In speed of mental
performance with advanclingg age, The decrease is evident by the
thirties anu forties (Birreny 19743 see also the discussion of
specific tasks given In the following sections of this report),
Furthermore, the decrease cannot be accounteo for by chanyes In
motor capability, because the amount of age-related slowling s
related to tne psychological complexlty of the task rather than to
its motor components (ferella, Poon, and willlamss 1980)s It 1Is
also true that under certain circumstances speed of mental
performance 1S o reasonable indicator of the amount of attentional
resources allocated to ¢« task (Xahneman, 19733 Posners, 1978).
Tnusy 4lthough one Interpretation of the observed sliowing Is that
attentionil capacity decreases with age, this conclusion is not
gicldteg by tne datae Sliowiny coula easjily be due to structural
cinanges In the centeral nervous systemy, sucn as deaylinization of
nerve tibres or a3 readuction Iin the number of neurons In the braln,
More generally, the fa4ct that changes In the speed of individusl
terformance, across conditions of an experiment may reflect
chan,es in esttention allocation doas not mean that changes iIn
inter-individual performance Iin the same experiment agre due to
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inter-indlividuel cifferences in attentional caspacitye.

An aitternative way of evaluating the attentlon deficit
hypothesis is to restrict the amount of attentiun that a person
can allocate to a task, This is done by Introducing a new task
thet Is to be performed on a high priority basis, The original
task tnen must be done with a person'!s "spare capacity”, This Is
defined as the attentional resources that a person has remaining
after allocating enough attention to reacn a satsifactory
performance level on the primery tesk., The technlque of
evaluating spare capacity by consldering primary and secondary
tasks Is called the "secondary task paradigme" It Is a special
case of a "dual task situastion”, In which pecple are asked to
perform t4o tasks more or less concurrentiy. The conceptual
argument for the secondary task paradlgm is straightforwerd,
Imagine two peopley A and B, both of whom nave sufficient
atientional capacity to achieve maximum performance on elther of
two tasxkss . and 2» when done alone, If the two tasks are done
togethers, the ,olnt demands of the tasks may exceeu the
attentiond!l capacity of person A but not person 8, making it
pussible to discriminate between them, It the attention deficit
hypothesis Is true, older individuals should show a greater
gecrement «n performance than should younger people when moved
from a sinjle to a dual task situation.

While the observation that older individuals nave trouble
with cual task situations would be consistent with the attention
oeflcit nypothesliss alternative exptanetions are possible, The
seconcary task paradigm was orlginally developeud as a way o/
measuriny the attention demands of the primary task (Kerr, 1973),
The reasoning was that if the secondary task is resource limlted,
the. tie attentional demands of two primary tasks can be compared
by ovserving how great a decrement occurs on secondary task
performance, This ar jument assumes that the seconuary task Is
resource limiteay ana that the primary and secondary tasks do not
compete for mental structures, When the seconaary task paradigm
is used to stuay individuail differences in attentional capacity,
some more compficated restrictions must be met. Baslically, tnese
have to du with the pattern of correlations between performance on
the twc tdsksy botr alone and In combination, It is siso
necessafy to observe primdry task pertormance at two levels of
difticulty (Hunt and Lansman, 1981),

Trere nave been several reports of age rejated decrements in
performance in adual task sltuationsy inciuding a few studies that
have used tne secondary task paraaigm, In intervijews with experts
in gercntology we have founc that there 1s a strongly held belief
that oual tasks become excestionatlty difficult as one grows older,
Data from studies of dichotlic listeniny are clted in supgort of
the thesis. The participant in a dichotlc listeninyg teask hears
two messajesy presentea simultaneousliy, one to each ear.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>